4                        MOLECULAR ASSOCIATION
that, in consequence, the gas laws and Avogadro's Hypothesis
could be applied to all types of solutions.
Methods for the investigation of pure liquids were only
devised some years after it was possible to investigate solu-
tions, although the properties of liquids had already been the
subject of many investigations. To the question whether the
size of molecules in liquids was the same as in the gaseous
state, van der Waals, in 1876, replied that the continuous
passage of a vapour into a liquid during which the relation
between pressure and volume underwent no sharp change
might be taken as indicating no alteration of molecular size.
The first method of investigating molecular size was de-
veloped by Ramsay and Shields from previous deductions of
Eotvos, and it was hoped that the method might be of very
general application. Experience has shown that it breaks down
outside a certain range of molecular weight At the present
time it must be admitted that although it is quite easy to detect
association, the quantitative determination is another matter and
there is often a big percentage difference between the results
obtained by the many different processes of measurement that
have been devised. There is great need of some guiding and
reconciling principle like Avogadro's Hypothesis. With regard
to the solid state, still less is known of molecular sizes, so little that
no special section is called for in this monograph. The methods
which have been proposed up to the present are extensions of
those which yield results for liquids, and will be mentioned in
the sections dealing with liquids.
The study of molecular complexity has had great influence
on the progress of chemical theory. Reference has already been
made to the density measurements of Dumas, made on mercury,
iodine, sulphur, and phosphorus, and of Mitscherlich, on arsenic.
Berzelius had previously, on the basis of Gay Lussac's Law of
Volumes, believed that the relative densities of elementary
gases were proportional to their atomic weights. Dumas and
Mitscherlich showed that the atomic weights of mercury, sulphur,
phosphorus, and arsenic so deduced were far different from the
Berzelius' values found by chemical analysis; and Berzelius'
atomic weight system falling into discredit, rival systems sprang
up, none of which found general acceptance. Cannizzaro, in-
troducing Avogadro's Hypothesis, explained the apparently con-